Bose-Einstein condensation (BEC) has attracted during the last years a huge interest, partially motivated by the nonlinear character of the BEC physics which introduces interesting resemblances with nonlinear optics. For particles interacting via a van-der-Waals potential, the BEC physics at sufficiently low temperatures is determined by the nonlinear Schr6dinger equation (NLSE) with cubic nonlinearity. For the ID case this equation is known to allow for bright (dark) solitons for attractive (repulsive) interatomic interactions. In higher dimensions solitons cannot exist, unless they are externally maintained by e.g. dynamically modulated interactions.
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The nonlinear physics of a BEC is a good example of the important role played by the interactions even for very dilute gases. For typical experiments the atom-atom interactions may be considered as short-range. However, recent developments on cooling and trapping of polar molecules, on Feshbach resonances of binary mixtures, and on ultracold Chromium atoms have opened the possibility for a new fascinating research area, namely that of ultracold dipolar gases. In dipolar gases the particles interact via dipole-dipole forces, in addition to the contact interactions. The equation determining the physics of dipolar BEC is a NLSE with nonlocal nonlinearity, induced by the long-range character of the dipole-dipole interaction. By means of a Gaussian Ansatz we show that not only ID but also 2D stable solitons are possible in dipolar BEC. We discuss the necessary conditions for the experimental achievement of 2D bright solitons. These analytic predictions are supported by direct numerical simulations of the NLSE. The scattering of two solitons is then discussed both in ID and 2D conditions. The dipolar interaction is shown to lead to an inellastic soliton scattering. Finally, we discuss the experimental creation of the solitons, and the feasibility for the observation of the discussed effects in experiments in ultracold atoms and molecules.
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